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ABSTRACT 

This study aims to analyze land cover dynamics and evaluate the sustainability status of marine 

tourism in the Mandeh region. Despite its significant tourism potential, the region faces ecological 

and socio-economic challenges. This research integrates land cover change analysis with 

sustainability assessments to provide a foundation for policy recommendations and strategic 

development approaches. A descriptive research approach was employed, incorporating both 

qualitative and quantitative methods. Qualitative data were gathered through field observations, while 

quantitative data were analyzed using remote sensing to assess land cover changes and sustainability 

status. The study applied purposive sampling for data selection and utilized supervised classification 

with the Maximum Likelihood method to analyze land cover changes. Additionally, the Multi-

Dimensional Scaling (MDS) method, specifically the Rapid Appraisal of the Mandeh Region (Rap-

MR), was used to evaluate sustainability across economic, social, and environmental dimensions. The 

results indicate significant land cover transformations in the Mandeh region from 2020 to 2030. 

Water Bodies (WB) remain dominant but exhibit a slight decline due to sedimentation and climate 

change. Secondary Forest (SF) and Primary Forest (PF) are expected to decrease, mainly due to 

agricultural expansion and infrastructure development. Mangroves (Ms) and Mixed Gardens (MG) 

are also projected to shrink, reflecting conservation challenges. Conversely, Built-up Land (BuL) and 

Palm Plantations (PP) are anticipated to expand, driven by tourism and economic growth. Land cover 

classification achieved high accuracy, with an overall accuracy rate exceeding 87%. The 

sustainability analysis highlights economic benefits from tourism but reveals conflicts in resource 

utilization. The economic dimension shows a need for infrastructure investment and revenue 

optimization, while the social dimension emphasizes education and disaster preparedness. The 

environmental dimension calls for stricter conservation policies and land-use planning. In conclusion, 

the Mandeh region requires a balanced approach to development, integrating economic growth with 

environmental sustainability. Policy interventions should focus on reforestation, controlled urban 

expansion, and sustainable tourism management to ensure long-term ecological and socio-economic 

stability. 
 

Key-words: Land cover, Sustainability, Marine tourism, Multi-dimensional scaling, Mandeh region. 

 

 

1. INTRODUCTION 

 

Indonesia's coastal and marine regions possess significant potential for diverse marine tourism 

activities due to their status as the center of the Coral Triangle, which harbors exceptionally high 

marine biodiversity (Hidayah et al., 2024; Watt‐Pringle et al., 2024).  
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Nevertheless, the management and governance of marine tourism remain suboptimal. Despite 

these challenges, a study by Bahar (2023) indicates that the number of tourist arrivals and foreign 

exchange revenues generated by the marine tourism sector have shown a consistent upward trend. 

However, the overall development of Indonesia’s marine tourism industry remains significantly 

underutilized. Comparatively, Indonesia's marine tourism performance lags behind that of 

neighboring countries with smaller marine tourism potential, such as Singapore, Malaysia, Thailand, 

and Australia. This disparity in performance has led to economic stagnation for local communities 

in marine tourism areas, as many remain economically disadvantaged. Additionally, several coastal 

and marine ecosystems, which serve as key marine tourism attractions, are experiencing degradation 

and ecological disturbances. 

The Mandeh region, located in Pesisir Selatan Regency, West Sumatra Province, Indonesia, is 

recognized as a marine tourism destination with substantial potential for further development (Putra 

et al., 2024). This region was officially designated as a priority marine tourism attraction in 

Indonesia under the National Tourism Development Master Plan (NTDMP) in 2004 (Wilis et al., 

2020; Hermon et al., 2022). In line with this designation, the local government of Pesisir Selatan 

Regency and the West Sumatra Provincial Government have actively encouraged the expansion of 

marine tourism, complementing the traditional fishing activities of local communities. To support 

this initiative, it is crucial to enhance community engagement in marine tourism development while 

ensuring environmental conservation. However, the region's mangrove forest ecosystem has 

experienced significant degradation. Since 2016, approximately 480 m² of mangrove forest has been 

encroached upon, and by the end of February 2017, the affected area had expanded to 1,230 m² 

(Raynaldo et al., 2020). Moreover, only 15–20% of the 7,000 ha of coral reefs in the Mandeh region 

remain in good condition. This degradation is primarily attributed to destructive fishing practices, 

including the use of toxic substances, explosives, and trawling, as well as excessive sedimentation 

from river discharge (Zakaria et al., 2021). Such environmental degradation necessitates immediate 

and comprehensive intervention from all stakeholders, particularly the government, to ensure the 

sustainability of marine tourism in the region.     

The development of the Mandeh region as a marine tourism destination must be strategically 

implemented by optimizing its natural resource potential, including capture fisheries, aquaculture, 

agriculture, and local craft industries. Economic expansion in this sector should be integrated with 

conservation efforts aimed at preserving coastal ecosystems, particularly coral reefs and mangrove 

forests, which serve as key ecological and economic assets for both tourism and fisheries.  

Sustainably enhancing economic activities will contribute to improving the livelihoods of local 

communities. As community welfare improves, there is a corresponding positive impact on the 

quality of residential environments and greater local participation in tourism development. To 

ensure long-term benefits, the development framework must be carefully designed to maximize 

economic benefits for local communities while safeguarding environmental integrity. A misguided 

development approach could lead to irreversible negative consequences on economic sustainability, 

physical environmental conditions, and the region's socio-cultural fabric. Therefore, a well-defined 

Regional Spatial Planning (RSP) strategy is essential, encompassing regional zoning, environmental 

protection measures, settlement area delineation, and tourism infrastructure planning (Cuevas-

Wizner et al., 2024). These zoning regulations should be designed to balance economic activities 

with ecological preservation, ensuring the sustainable development of the Mandeh region as a 

premier marine tourism destination (Smith et al., 2011; Papageorgiou, 2016; Jinzhu et al., 2014). 

Over the last 10 years, several strategic developments have been implemented in the Mandeh 

region to enhance its tourism potential while ensuring sustainability. In 2015, the region was 

officially designated as the Mandeh Integrated Marine Tourism Area, leading to the construction of 

key infrastructure, such as the 43 km Mandeh ring road, which significantly improved accessibility 

(Fatimah et al., 2021). Subsequent developments included the construction of tourism piers in 2016, 

the expansion of mangrove conservation areas in 2017, and the establishment of local policies to 

regulate tourism zoning and environmental management in 2018 (Syam, 2018). Community-based 

tourism programs were also initiated in 2019, equipping local communities with the necessary skills 
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to participate in the growing tourism industry. Further enhancements included the development of 

resorts and accommodations in 2020, the establishment of the Special Economic Zone (SEZ) for 

tourism in 2021, and the revitalization of supporting facilities such as trekking routes, sports centers, 

and coastal tourism amenities in 2022. Promotional efforts, including digital campaigns and cultural 

festivals, were intensified in 2023 to increase visitor engagement and economic benefits for the 

local communities (Ansharullah & Natasha, 2020). These developments demonstrate a concerted 

effort to position Mandeh as a leading marine tourism destination while prioritizing ecological 

conservation and community empowerment. A community-centered development approach should 

be prioritized to foster local engagement and ensure that policies align with the needs of the local 

population. It is crucial to formulate policies that support the advancement of sustainable marine 

tourism by integrating economic progress, social stability, and ecological preservation.   

Overall, Indonesia’s coastal and marine regions particularly the Mandeh area in the western 

part of Sumatra Island possess immense potential for marine tourism development. However, this 

development must be meticulously planned and executed by sustainability principles to maximize 

long-term socio-economic benefits for local communities while safeguarding marine and terrestrial 

ecosystems. This study aims to analyze land cover dynamics and evaluate the sustainability status of 

marine tourism in the Mandeh region. The novelty of this research lies in its focused exploration of 

the Mandeh region, which, despite its substantial tourism potential, faces pressing ecological and 

socio-economic challenges. This study integrates land cover change analysis with sustainability 

assessments to serve as a foundation for formulating policy recommendations and strategic 

approaches for sustainable development management. 

 

 

2. DATA AND METHODS 

 

2.1. Study location 

This study was conducted in the Mandeh region, which is geographically positioned at 

01°11'05" South Latitude and 100°26'55" East Longitude. This area falls within Koto XI Tarusan 

Sub-district, Pesisir Selatan Regency. The Mandeh region and its surrounding areas form a naturally 

sheltered bay, protecting the strong waves and currents of the Indian Ocean. The total area of the 

region spans approx ±18000 ha (Raynaldo et al., 2020; Alhadi et al., 2023), encompassing six 

villages and several nearby small islands. The coastline of the Mandeh region extends to 79.24 km 

in total, with 45.06 km situated along mainland Sumatra and approximately 34.18 km surrounding 

the small islands. For more details, the map of study location can be seen in Figure 1 below. 

 

2.2. Research Types 

This study employs a descriptive research approach, aiming to characterize the study area 

through the use of quantitative data which integrates both qualitative and quantitative research 

techniques (Brown et al., 2017; Duggan et al., 2024). According to Bakus (2007), the combines 

quantitative and qualitative methodologies to enhance the comprehensiveness, validity, reliability, 

and objectivity of research findings. In this study, qualitative data were collected through direct 

field observations, while quantitative data were analyzed to assess land cover changes using remote 

sensing data and to evaluate the sustainability status of the region.   

The sampling technique employed in this study is purposive sampling, which involves selecting 

samples that are deemed representative of the population (Prarikeslan et al., 2019; Hermon et al., 

2020). To analyze land cover changes, an accuracy assessment was conducted using a random 

sampling approach on selected samples within the study area. The primary objective of this 

assessment was to evaluate the classification accuracy, ensure the reliability of the derived data for 

further analysis, and minimize potential errors associated with the "Garbage In, Garbage Out" 

(GIGO) principle (Lilimu, 2023).  The sample dataset in this study consists of all pixels derived 

from land cover change analysis. The sampling framework was determined based on the number of 

pixels selected from the relevant study area. 
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Fig. 1. Map of the study location. 

 

The appropriate sample size was calculated using the following formula (Arif et al., 2023; 

Darem et al., 2023; Binarti & Santoso, 2024). 

 

n = N/(1 +  (N x e2)                                                                                                                    (1) 

 

where: n = number of samples; N = number of populations (pixels); e = precision. 

 

To determine the number of samples based on the land cover changes class, the following 

formula is used (Costea & Haidu, 2010; Arif et a., 2023; Darem et al., 2023). 

 

𝑛𝑖 =
𝑁𝑖

𝑁
∗ 𝑛                                                                                                                                 (2) 

 

where: 𝑛𝑖 = number of sample members by class; 𝑁𝑖 = number of population members by class;  𝑁 

= total population size; 𝑛 = the total number of study location samples. 

 

2.3. Data Analysis Technique 

2.3.1. Land Change Modeller (LM) 

This study employs Supervised Classification using the Maximum Likelihood (ML) method to 

analyze land cover changes in the Mandeh region. ML is a statistical approach utilized to determine 

the spatial distribution of various land cover classes (Haris et al., 2021; Darem et al., 2023; Putra et 

al., 2023). Through this classification, it is expected to identify distinct land cover categories, 

including WB, PF, SF, MG, P/B, BuL, Ms, RF, and PP. The classified land cover change results 

will then be further analyzed using the Markov Change Model (Costea & Haidu, 2010; Zhang et al., 

2023; Hussain et al., 2024). 
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The study process consists of three main stages preparation, analysis, and interpretation. 1) 

During the preparation phase, activities include conducting a literature review, collecting Landsat 

satellite data, and obtaining thematic maps relevant to the study location; 2) The analysis stage 

involves several key steps, namely geometric and radiometric rectification of satellite images, 

supervised classification, and identification of driving forces that influence land cover change; 

Furthermore, 3) Land cover change predictions are generated using ARC-GIS software. The 

interpretation phase focuses on identifying trends in land cover transformation and conducting 

accuracy assessments. 

The datasets used for land cover change analysis include Enhanced Thematic Mapper (ETM) 5 

(2000), Landsat Enhanced Thematic Mapper Plus (ETM+) 7 (2009), Landsat 8 Operational Land 

Imager (OLI) and Thermal Infrared Sensor (TIRS) (2019), and the map of Rupa Bumi Indonesia 

(RBI) from the Geospatial Information Agency (BIG), which serves as the base map for this study. 

This analysis requires converting the Digital Number (DN) values into reflectance values through 

radiometric correction of the Landsat imagery (Furtună et al., 2016; Pons et al., 2014; Czapla-Myers 

et al., 2024), following the standard formulation presented below. 

 

λ= (Mρ * Qcal + Aρ)/Sin ()                                                                                                      (3)                                                                        

 

where: λ = top of atmosphere reflectance; Mρ = multi_band n reflectance value for each channel, 

which is known from metadata; Aρ = value reflectance add_band n any channel known from the 

metadata; Qcal = value DN;  = value of the sun's elevation angle obtained from the metadata. 

 

For determine the model of land cover the Marcov Chain_cellular Automata model using the 

assumption that land cover changes for the future xt + 1, at that time (t + 1) depends on the current 

condition expressed by xt. For the land cover transition matrix, the formulation proposed by Benito 

et al. (2010); Paul et al. (2018) is used as follows. 

 

xt + 1 = xt * p                                                                                                                               (4) 

 

where: p = the m*m matrix which indicates the number of pixels (such as the number of land cover 

classes), p = a pair of land cover classes, i and j, which can be expressed as follows. 

 

p11        p12…  p1n 

p= (pij) = p21 p22…  p2n                                                                                                   (5) 

pn1        pn2… pnn 

 

Based on the formulation above, to determine the transition matrix for changes in land cover in 

the research area it can be written as follows. 

 

p(n) = p(n-1) pij                                                                                                                              (6) 

 

where: P(n) = land cover; p(n-1) = prediction of change; and pij = transition matrix. 

 

To determine the quality of the land cover changes, it is necessary to carry out an accuracy test 

which functions to see the quality of the model that has been produced using overall accuracy, user 

accuracy, and producer accuracy using the formulation proposed by Dash et al. (2023) as follows. 

 

𝑈𝑠𝑒𝑟𝑠 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑥𝑖𝑖

𝑥+1
∗ 100%                                                                                               (7) 

 

𝑃𝑟𝑜𝑑𝑢𝑠𝑒𝑟 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑥𝑖𝑖

𝑥𝑖+ 
∗ 100%                                                                                         (8) 
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𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
∑𝑥𝑖𝑖

𝑁
∗ 100%                                                                                           (9) 

 

where: 𝑥𝑖𝑖 = diagonal value of the contingency matrix of the i-th row and the i-i pool; 𝑥𝑖 = number 

of pixels in row i; 𝑥 + 1 = number of pixels in the ith column; and 𝑁 = number of sample pixels. 

 

2.3.2. Multi-Dimensional Scaling (MDS) 

The analysis method applied in this study is Multi-Dimensional Scaling (MDS), utilizing the 

Rapid Appraisal of the Mandeh Region (Rap-MR) approach. This technique is an adaptation of the 

Rapid Appraisal for Fisheries (RAPFISH), which is designed to assess the sustainability status of 

marine tourism in the Mandeh region using a multidimensional framework (Fauzi & Anna, 2002).  

Rap-MR serves to simplify complex multidimensional data into a more structured and interpretable 

format. The Rap-MR analytical process comprises several key stages: 1) Identifying relevant 

attributes across dimensions that influence sustainability; 2) Assigning scores to each attribute based 

on sustainability criteria for the respective dimensions; 3) Applying the MDS method to evaluate 

the coordination and tension values associated with each attribute; 4) Assessing the sustainability 

index and status both multidimensionally and within each dimension; 5) Conducting a leverage 

analysis to identify key variables that significantly impact sustainability; and 6) Incorporating 

uncertainty analysis to ensure the reliability and robustness of the findings. The determination and 

evaluation of attributes are based on direct field observations and secondary data sources. The 

specific dimensions and attributes analyzed for assessing sustainability in the Mandeh region are 

summarized in Table 1 below. 
Table 1.  

Dimensions and attributes of sustainability status of marine tourism. 

Dimensions Attributes 

Economy 

Regional Income [RI]; Job Opportunities [JO]; Community Income [CI]; Infrastructure 

& Facility Development [IFD]; Employment Diversity [ED]; Accessibility [AC]; 

Community Purchasing Power [CPP]; Workforce Training [WT]; Economic Assistance 

Programs [EAP]; Local Economic Development [LED] 

Social 

Education Enhancement [EE]; Community Institutions [CI]; Youth Empowerment [YE]; 

Public Health Improvement [PHI]; Elderly Welfare & Support [EWS]; Community 

Deliberative Body [CDB]; Digital Information Access [DIA]; Mutual Cooperation & 

Solidarity [MCS]; Social & Moral Values [SMV]; Environmental Awareness & 

Responsibility [EAR]; Community Competitiveness [CC] 

Environmental 

Environmental Conservation & Protection [ECP]; Biodiversity Conservation [BC]; 

Green Space Expansion [GSE]; Soil Conservation [SC]; Drainage System Improvement 

[DSI]; Clean Water Access [CWA]; Seed Distribution & Reforestation [SDR]; Soil 

Quality Maintenance [SQM]; Coral Reef Conservation [CRC]; Groundwater Protection 

& Management [GPM]; Watershed Management [WM] 

 

The sustainability status index for each dimension is represented using radar charts through a 

multidimensional approach to determine the overall sustainability position of the Mandeh region.  

 

 

3. RESULTS AND DISCUSSIONS 

 

3.1. Analysis Results for Land Cover 

 

The land cover changes in the Mandeh region were prepared based on the determining factors 

for Land cover changes in the form of elevation, slope, distance from roads, economic centers, 

educational facilities, and health facilities (Akdeniz et al., 2023) from the total area of the whole 

area approx ±18000 ha (Raynaldo et al., 2020; Alhadi et al., 2023). With the development of marine 

tourism, development activities, and regional expansion there will be changes in land cover in this 

area. For more details, the land cover changes can be seen in Table 2 and Map in Figure 2 below. 
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Table 2. 

Analysis results for the prediction of land cover changes in the Mandeh region. 

No Land Cover 
Area and Percentage (ha) 

2020  % 2025 % 2030 % 

1 Water Bodies (WB) 12036 67 11766 65 11776 65 

2 Secondary Forest (SF) 2059 11 2025 11 1966 11 

3 Primary Forest (PF) 871 5 815 5 609 3 

4 Mangroves (Ms) 871 5 782 4 521 3 

5 Mixed Gardens (MG) 760 4 620 3 504 3 

6 Plantation/Bush (P/B) 550 3 558 3 606 3 

7 Rice Field (RF) 359 2 361 2 360 2 

8 Palm Plantations (PP) 291 2 282 2 426 2 

9 Built-up Land (BuL) 202 1 791 4 1231 7 

Total 18000 100 18000 100 18000 100 

Source: Data analysis, 2024. 

 

 

 
 

Fig. 2. Predicting map of land cover changes in Mandeh region for 2020, 2025 and 2030. 

 

The predicted land cover changes in the Mandeh region for the period 2020–2030 are presented 

in Table 2, based on data derived from Landsat ETM 5 (2000), Landsat ETM+ 7 (2009), Landsat 8 

OLI/TIRS (2019), and a reference map from the RBI. This analysis employs the Supervised 

Classification ML method, combined with the Markov Change Model and Markov Chain Cellular 

Automata, to examine the spatial dynamics of land cover transformation in the Mandeh region.  
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The findings indicate notable trends in three major land cover categories: 1) WB represents the 

dominant land cover, occupying 12036 ha (67%) in 2020. By 2025, this area is projected to decline 

slightly to 11766 ha (65%) and stabilize at 11776 ha (65%) by 2030. These fluctuations are 

attributed to natural factors such as sedimentation, erosion, and climate change, which gradually 

reshape coastal and aquatic ecosystems; 2) SF, which covered 2059 ha (11%) in 2020, is expected 

to decrease slightly to 2025 ha (11%) in 2025 and further decline to 1966 ha (11%) by 2030. This 

reduction is primarily caused by ongoing agricultural and plantation expansion, as well as 

infrastructure development, leading to the loss of forested areas; and 3) PF, which accounted for 871 

ha (5%) in 2020, is projected to decrease to 815 ha (5%) in 2025 and continue declining sharply to 

609 ha (3%) by 2030. This trend highlights the persistent threat of illegal logging and land 

conversion for plantation and settlement expansion. Other land cover types exhibit mixed trends 

over time. 1) Ms covered 871 ha (5%) in 2020 and is expected to shrink to 782 ha (4%) by 2025 and 

further decline to 521 ha (3%) in 2030. These changes reflect both conservation efforts and ongoing 

threats from human activities and climate change; 2) MG accounted for 760 ha (4%) in 2020 but are 

projected to decrease to 620 ha (3%) by 2025 and further to 504 ha (3%) in 2030. This decline is 

linked to the transformation of mixed-use lands into monoculture plantations, particularly palm oil 

estates, and increasing urban expansion; 3) P/B is expected to increase gradually, from 550 ha (3%) 

in 2020 to 558 ha (3%) in 2025 and 606 ha (3%) by 2030. This growth suggests that abandoned 

agricultural land is naturally regenerating into secondary vegetation; 4) RF will remain relatively 

stable, covering 359 ha (2%) in 2020, 361 ha (2%) in 2025, and 360 ha (2%) in 2030, with slight 

variations influenced by agricultural policies and climate conditions; 5) PP show a steady increase, 

from 291 ha (2%) in 2020 to 282 ha (2%) in 2025 and reaching 426 ha (2%) by 2030, largely driven 

by the growing global demand for palm oil; and 6) BuL, which occupied only 202 ha (1%) in 2020, 

is expected to expand significantly to 791 ha (4%) in 2025 and further to 1,231 ha (7%) in 2030. 

This reflects increased urbanization and infrastructure expansion driven by tourism development. 

These findings highlight the need for better land cover planning and conservation efforts in the 

Mandeh region. The decline in forests and the expansion of plantations call for stricter regulations 

and reforestation programs. While BuL and Ms remain relatively stable, stronger policies are 

needed to protect them against climate change and human impact. Balancing economic growth with 

environmental sustainability is crucial for the long-term success of marine tourism. 

The predicted land cover changes for 2030 indicate a significant increase in PP, which will 

expand to 426 ha (2%) of the total land in the Mandeh marine tourism region. This trend aligns with 

the rising global demand for palm oil, as noted by Murphy et al. (2021), who found that market-

driven expansion often leads to aggressive plantation growth. Additionally, MG will decline to 504 

ha (3%), reflecting the shift toward intensive monoculture systems. This trend supports the findings 

of Asante-Yeboah et al. (2024), who emphasized the role of land-use policies in altering agricultural 

landscapes. Moreover, P/B is expected to grow to 606 ha (3%) in 2030, aligning with Seto & 

Shepherd (2009), who observed that decreasing agricultural activity often results in the 

transformation of farmland into shrubland. Conversely, BuL is expected to expand to 1231 ha (7%), 

influenced by ongoing infrastructure development. This observation supports Halleux et al. (2012), 

who argued that policy enforcement and zoning regulations significantly impact urban expansion. 

Similarly, Ms are expected to decline to 521 ha (3%), despite conservation efforts. This trend 

corresponds with Spalding et al. (2014), who noted that while mangrove restoration programs 

contribute to long-term resilience, human activity remains a critical threat. PF will experience a 

severe decline, shrinking to just 609 ha (3%) of the total area by 2030, primarily due to land 

conversion for plantations and illegal deforestation. This trend is consistent with Nistor et al. (2019), 

who identified deforestation as a leading driver of forest loss. Similarly, SF will decrease to 1,966 

ha (11%), a pattern observed by Huang et al. (2024), who linked forest shrinkage to agricultural 

expansion. RF will exhibit minimal changes, slightly declining to 360 ha (2%), a trend influenced 

by climate variability and irrigation policies, as discussed by Wang et al. (2023). Meanwhile, WB 

will remain relatively stable at 11776 ha (65%), with minor reductions due to sedimentation and 
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coastal changes. These dynamics align with Vörösmarty et al. (2003), who examined similar 

patterns in Bukit Batu Kalang, where coastal processes and deforestation altered WB distribution. 

 

3.2. Accuracy Test of Land Cover Changes 

 

To assess the accuracy of land cover in the Mandeh region, a comprehensive accuracy test was 

conducted involving user accuracy, producer accuracy, and overall accuracy. The test results are 

presented in Table 3, which details the accuracy for the year 2020. 
Table 3. 

Accuracy test of land cover 2020. 

Land Covers 
Accuracy 2020 User  

Accuracy 1 2 3 4 5 6 7 8 9 

PF 2         100.000 

SF  32      2  94.118 

PP   3 1      75.000 

Ms    8      100.000 

WB     2     100.000 

BuL      11   1 91.667 

RF    2   5 1  62.500 

P/B    2    2  50.000 

MG       1  25 96.154 

Producer 

Accuracy 

100 100 100 72.7 100 110 83 40 96 

 2+32+3+8+2+11+5+2+25 

90 

Source: Data analysis, 2024. 

 

In Table 3 above shows the user accuracy for various land cover categories. User accuracy 

measures the proportion of correctly classified instances out of all instances identified as a particular 

category. For 2020, the user accuracy of each category is as follows: 1) WB achieved a user 

accuracy of 100%; 2) SF achieved a user accuracy of 94.118%; 3) PP achieved a user accuracy of 

75%; 4) Ms achieved a user accuracy of 100%; 5) WB achieved a user accuracy of 100%; 6) BuL  

land achieved a user accuracy of 91.667%; 7) RF achieved a user accuracy of 62.500%; 8) P/B 

achieved a user accuracy of 50%; and 9) MG achieved a user accuracy of 96.154%. Overall, for 

accuracy testing based on producer accuracy, the highest values are land cover changes of PF, Ms, 

and WB with a value of 100%. Meanwhile, overall accuracy value in 2020 was 90%, which is 

considered good and acceptable as a result of LM (Chowdhury, 2024). Next, Table 4 below shows 

the user accuracy for various land cover categories in 2025. 
Table 4. 

Accuracy test of land cover 2025. 

Land Covers 
Accuracy 2025 Use  

Accuracy 1 2 3 4 5 6 7 8 9 

PF 2         100.000 

SF  32      2  94.118 

PP   3 1      75.000 

Ms    6 2     75.000 

WB     2     100.000 

BuL      11   1 91.667 

RF    2   5 1  62.500 

P/B    2    2  50.000 

MG       1  25 96.154 

Producer 

Accuracy 

100 100 100 54.5 50 100 83 40 96 

 

2+32+3+6+2+11+5+2+25 

88 

Source: Data analysis, 2024. 
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For 2025, the user accuracy of each category is as follows: 1) WB achieved a user accuracy of 

100%; 2) SF achieved a user accuracy of 94.118%; 3) PP achieved a user accuracy of 75%; 4) Ms 

achieved a user accuracy of 75%; 5) WB achieved a user accuracy of 100%; 6) BuL achieved a user 

accuracy of 91.667%; 7) RF achieved a user accuracy of 62.500%; 8) P/B achieved a user accuracy 

of 50%; and 9) MG achieved a user accuracy of 96.154%. Overall, for accuracy testing based on 

producer accuracy, the highest values are PF, WB, and MG with values of 100% and 96.154%. 

Meanwhile, overall accuracy value in 2025 is 88%, which is considered good and acceptable as a 

result of LM (Parashar et al., 2024).  Next, Table 5 below shows the user accuracy for various land 

cover categories in 2030. 

 
Table 5. 

Accuracy test of land cover 2030. 

 
Accuracy 2030 User 

Accuracy 1 2 3 4 5 6 7 8 9 

PF 2         100.000 

SF  32      2  94.118 

PP   3 1      75.000 

Ms    6 2     75.000 

WB     2     100.000 

BuL      10   2 83.333 

RF    2   5 1  62.500 

P/B    2    2  50.000 

MG       1  25 96.154 

Producer  

Accuracy 

100 100 100 54.5 50 100 83 40 93 

 2+32+3+6+2+10+5+2+25 

87 

Source: Data analysis, 2024. 

 

User accuracy measures the proportion of correctly classified instances out of all instances 

identified as a particular category. For 2030, the user accuracy of each category is as follows: 1) 

WB achieved a user accuracy of 100%; 2) SF achieved a user accuracy of 94.118%; 3) PP achieved 

a user accuracy of 75%; 4) Ms achieved a user accuracy of 75%; 5) WB achieved a user accuracy of 

100%; 6) BuL achieved a user accuracy of 83.333%; 7) RF achieved a user accuracy of 62.500%; 8) 

P/B achieved a user accuracy of 50%; and 9) MG achieved a user accuracy of 96.154%. Overall, the 

highest producer accuracy values in 2030 were for the PF, WB, and MG categories with values of 

100% and 96.154%, respectively. The overall accuracy value in 2030 is 87%, which is considered 

good and acceptable as a result of LM (Tiwari et al., 2024). 

 

3.3 Analysis Results for Sustainability Status 

 

The Mandeh region is one of the most productive ecosystems. However, behind this potential, 

existing development can hurt natural resources. Human activities in utilizing natural resources, 

such as agriculture, fisheries, settlements, and tourism, often overlap, reducing the benefits or utility 

value of the ecosystem and threatening the sustainability of this area. So far, the Mandeh region has 

had a positive impact in the form of increasing people's income. The multi-purpose potential of the 

Mandeh region resources has also caused many parties to try to utilize it, resulting in conflict. To 

overcome this problem, a sustainability status is needed based on three dimensions: economy, 

social, and environmental. The results of the sustainability status analysis are described as follows. 

3.3.1. Economic Dimension 

The sustainability status in the Mandeh region, in terms of the economic dimension, includes 

[RI], [JO], [CI], [IFD], [ED], [AC], [CPP], [EAP], and [LED]. The leverage analysis for the 

economic dimension can be seen in Figure 3 below. 
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Fig. 3. Sustainability status model from the economic dimension. 

 

In Figure 3 shows that [CI] shares similarities with [RI], as they are positioned nearby within 

the same quadrant. Both [RI] and [CI] exhibit the highest values, recorded at 1.2137 and 1.1911, 

respectively. This indicates that, in terms of the economic dimension of marine tourism 

sustainability, priority should be given to enhancing [RI] and [CI]. To achieve this, improvements in 

[AC], [IFD], and [ED], as well as the expansion of [JO], are essential to support the growth of [RI] 

and [CI]. More details can be seen in Figure 4 below. 

 

 
 

Fig. 4. Radar chart for sustainability value from economic dimension. 

 

In Figure 4 above shows that strengthening [RI] is essential for advancing sustainable tourism 

in the Mandeh region. A higher [RI] enables increased investments in [IFD], enhancing visitor 

comfort and encouraging longer stays. Another key focus is improving [CI], as a high [CI] value 

contributes to reducing land conversion, particularly in agricultural areas. This, in turn, helps 

prevent landslides and protects mangrove forests and coral reefs, preserving the region's natural 

beauty for future generations. [AC] improvements have significantly boosted tourist access to the 

Mandeh region. The completion of a 41-km road connecting Padang City (Bungus Teluk Kabung) 

to key locations such as Sungai Pisang, Sungai Pinang, Sungai Nyalo Mudiak Aia, Mandeh, and 

Carocok Anau in 2017 has transformed regional connectivity. Previously, access was primarily by 

sea, requiring connections through Nagari. With enhanced accessibility, new economic 

opportunities have emerged, including the development of lodgings and homestays along the route. 
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The expansion of accommodation facilities has generated diverse employment opportunities, such 

as restaurant staff, housekeeping, laundry services, security personnel, and water ride operators. The 

growth of inns, restaurants, and cafés contributes to economic expansion by creating jobs and 

increasing workforce participation or  [ED]. 

Optimizing [RI] requires a multi-faceted approach, including: 1) Conducting door-to-door tax 

assessments by engaging all relevant departments within the regional revenue agency; 2) Enhancing 

administrative systems and procedures to improve service efficiency and facilitating effective 

supervision; 3) Aligning motor vehicle sales value regulations with national policies; 4) Drafting 

regional tax and levy regulations in accordance with central government policies; 5) Fostering 

cross-sector collaborations to explore additional revenue sources beyond traditional levies; 6) 

Maximizing motor vehicle tax revenues through public awareness campaigns; 7) Organizing Focus 

Group Discussions (FGD) with key stakeholders to develop effective RI optimization policies; and 

8) Engaging expert consultants to identify and expand revenue sources beyond conventional 

taxation. The sustainability of the Mandeh marine tourism sector is evaluated using [RI], [JO], and 

[IFD] as key indicators. Orbelayn (2024) emphasized that increasing RI is crucial for infrastructure 

development and facility enhancements, which in turn boosts tourism appeal and encourages longer 

visitor stays. The construction of a 41-km road from Padang City to Mandeh has significantly 

improved accessibility, fostering new economic opportunities, particularly in the accommodation 

and restaurant sectors. These findings align with Seetanah (2011), who highlighted the critical role 

of infrastructure in stimulating tourism growth and generating employment [ED]. However, job 

creation must align with population growth to prevent rising unemployment rates. 

3.3.2. Social Dimension 

The sustainability status in the Mandeh region, in terms of the social dimension, includes [EE], 

[CI], [CDB], [PHI], [EWS], [MCS], [CS], [SMV], [EAR], and [CC]. The leverage analysis for the 

social dimension can be seen in the results in Figure 5 below. 

 
 

Fig. 5. Sustainability status model from the social dimension. 

 

In Figure 5 shows that [EE] shares similarities with [CI], as they are positioned nearby within 

the same quadrant. Both [EE] and [CI] exhibit the highest values, recorded at 1.0635 and 1.0747, 

respectively.  

This indicates that, for the sustainability status of the Mandeh region to be maintained from a 

social perspective, priority should be given to enhancing [EE] and [CI]. Improving [EE] can be 

achieved by enhancing the quality of physical educational facilities, such as increasing the number 

of libraries and upgrading laboratory standards. Additionally, the provision of operational support, 

including expanding the number of schools, should also be considered to strengthen educational 

development. More details can be seen in Figure 6 below. 
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Fig. 6. Radar chart for sustainability value from social dimension. 

 

In Figure 6 shows that between [CI] and [EE], as they occupy a similar position within the same 

sub-dimension group. This highlights their significant role as key indicators of sustainable 

development in the Mandeh region. Meanwhile, [PHI], [EWS], [CDB], and [MCS] are positioned 

differently, yet remain within the same quadrant, indicating their relevance to similar aspects of 

social sustainability. In contrast, [CS], [EAR], and [SMV] are distinctly positioned, suggesting that 

they represent unique dimensions of social sustainability. Respondents perceive [CI] and [EE] as 

highly interconnected, reinforcing their importance in shaping long-term sustainability strategies. 

Consequently, these indicators serve as primary references for guiding sustainable development 

initiatives in the Mandeh region. The social sustainability status of the Mandeh region underscores 

the critical role of EE in education for sustainable development, particularly in environmental 

education. The primary objective is to increase public awareness regarding responsible natural 

resource management to mitigate environmental degradation linked to technological advancements. 

By fostering this understanding, local communities can develop a stronger commitment to 

sustainability principles, ensuring long-term natural resource conservation. Furthermore, improving 

[CI] levels is essential to maintaining a balanced approach between social and economic 

sustainability. Strengthening local economic conditions fosters a resilient and self-sufficient society 

in the Mandeh region, ensuring that social progress aligns with sustainable economic development. 

Social sustainability in the Mandeh marine tourism sector is evaluated through [EE] and [CI]. 

Omodan et al. (2024) emphasized the need for enhancing educational infrastructure, including 

libraries, laboratories, and sufficient operational support for schools. These efforts significantly 

contribute to education quality improvements and long-term social development. High values in 

[EE] and [CI] indicate their priority status in reinforcing social sustainability. This aligns with 

Winston et al. (2022), who highlighted that strengthening [EE] and [CI] fosters community 

solidarity and enhances local competitiveness or Community Competitiveness [CC]. 

3.3.3. Environmental Dimension 

The sustainability status in the Mandeh region, in terms of the environmental dimension, 

includes [ECP], [BC], [GOS], [GSE], [SC], [DSI], [CWA], [SQM], [CRC], [GPM], [WM], and 

[EF]. The leverage analysis for the environmental dimension can be seen in the results in Figure 7 

below. In Figure 7 shows that [ECP] is closely related to [BC] due to their close positioning within 

the same quadrant. Both [ECP] and [BC] exhibit the highest scores, recorded at 1.388 and 1.389, 

respectively. This finding underscores the necessity of prioritizing [ECP] and [BC] in the 

environmental development of the Mandeh region. To effectively develop [ECP] and [BC], 

supportive efforts must be directed toward [CRC], [DSI], [SQM], [SC], and [CWA]. Additionally, 

achieving a sustainable Mandeh region requires a strong emphasis on [CWA], as ensuring the 

availability of clean water plays a critical role in enhancing community welfare. 
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Fig. 7. Sustainability status model from the environmental dimension. 

 

Furthermore, attention should be given to [GSE] as an essential component of sustainability. 

This can be realized through the establishment of elongated [GSE] areas or pathways that remain 

predominantly open and free from constructed buildings, ensuring environmental balance and long-

term ecological benefits. More details can be seen in Figure 8 below. 

 

 
 

Fig. 8. Radar chart for sustainability value from environmental dimension.  

 

In Figure 8 shows that [ECP] and [BC] are closely linked to the conservation of [CRC]. To 

ensure [CRC] remains sustainable, several key environmental factors must be considered, including 

temperature, salinity, sunlight availability, ocean currents, and sedimentation levels. Coral reefs 

thrive at 23–25°C (Putra et al., 2023) and at salinity levels ranging from 30–35% (Ding et al., 2022). 

Additionally, sunlight is essential for coral photosynthesis, with optimal growth occurring at depths 

shallower than 25 meters (Kahng et al., 2019). While ocean currents provide essential nutrients for 

coral ecosystems, excessive sedimentation can severely hinder coral growth and survival. 

Furthermore, [SQM] plays a crucial role in sustaining [ECP] and [BC], as soil supports plant growth 

and serves as a foundation for human activities. To enhance environmental sustainability in the 

Mandeh region, conservation efforts should promote eco-friendly industrial practices, including 

utilizing recycled materials, preserving [GSE], and implementing sustainable land management 

strategies. 
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4. CONCLUSIONS 

 

The prediction analysis for land cover changes in the Mandeh marine tourism region until 2030 

indicates a notable trend in land conversion. WB remain the dominant land cover, decreasing 

slightly from 67% in 2020 to 65% in 2030, influenced by sedimentation, erosion, and climate 

change. SF, which covered 11% in 2020, are expected to decline slightly to 11% in 2025 and 11% 

in 2030, primarily due to agriculture and plantation expansion. PF will decrease significantly from 

5% in 2020 to just 3% in 2030, driven by illegal logging and land conversion for plantations and 

settlements. Ms will decline from 5% to 3%, necessitating enhanced conservation efforts. MG are 

projected to shrink from 4% in 2020 to 3% in 2030, reflecting a shift toward monoculture 

plantations and increasing urban expansion. Meanwhile, BuL is expected to grow significantly from 

just 1% in 2020 to 7% in 2030, indicating intensified urban development driven by tourism 

infrastructure expansion. PP will expand steadily, increasing from 2% in 2020 to 2% in 2025 and 

reaching 2% by 2030, aligning with the global demand for palm oil. RF remain relatively stable at 

2%, with slight variations influenced by agricultural policies and climate conditions.  

Accuracy assessment confirms the high reliability of the model, with user accuracy for PF, Ms, 

and WB reaching 100% in 2020, followed by a slight decline in 2025 and 2030. Despite this, overall 

accuracy remained above 87%, ensuring strong data validity for future planning.  

The sustainability status of marine tourism in Mandeh highlights key aspects from 1) Economic 

sustainability, increasing [RI] is essential for infrastructure development, enhancing tourism appeal, 

and encouraging longer visitor stays. The completion of a 41-km road from Padang City to Mandeh 

has opened new economic opportunities, particularly in accommodations and restaurants.  

However, job creation must align with workforce growth to prevent rising unemployment rates. 

ED and [JO] must be optimized to ensure sustainable employment expansion; 2) Social 

sustainability, [EE] and [CI] play a critical role in developing human capital. Improving educational 

infrastructure, such as libraries and laboratories, can increase education quality and social 

development. Additionally, [PHI] and [MCS] should be strengthened to foster community resilience 

and social competitiveness [CC]; and 3) Environmental sustainability, [ECP], [BC], and [WM] 

highlight the need for conservation to protect marine ecosystems. Ensuring optimal coral reef 

conditions, minimizing sedimentation, and implementing effective waste management strategies is 

crucial. Additionally, adopting environmentally friendly practices, including recycling, [GSE], and 

[DSI], supports long-term environmental sustainability. Considering these land cover changes, the 

RSP must address the decline in SF and the expansion of plantations and built-up areas.  

Policies supporting sustainable development, including designated green zones and protective 

regulations, should be prioritized. Infrastructure planning must minimize ecological impact while 

fostering economic growth. Local governments must integrate natural resource management with 

economic policies to maintain a balance between conservation and development. Establishing clear 

land cover boundaries, implementing conservation programs, and enforcing sustainability 

regulations are critical. By incorporating ecological considerations into planning, the RSP can 

effectively harmonize economic growth with environmental protection, ensuring the long-term 

viability of the Mandeh marine tourism region. 
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